In order to accurately estimate soil organic carbon storage (SOCS), 2,755 soil profiles and 23,536 soil samples were acquired by grid method, followed by a study on the SOCS, soil bulk density (SBD), gravel content (GC), and distribution characteristics of rock coverage (RC) in a small karst watershed (SKC). Then on the basis of soil profile summation, an investigation was done on the applicability of RC/GC-based soil type method, land utilization type method, and aspect method to the estimation of SOCS in SKC at different depths. As shown by the results, the average soil organic carbon content (SOC) in the soil samples ranged from 5.25 to 24.87 g.kg -1 , and decreased with the soil depth increasing; the average SBD ranged from 1.17 to 1.41 g.cm -3 , which first increased with the soil depth increasing and then tended to be steady; the average GC ranged from 0 to 20.15%, which decreased gradually with the soil depth increasing and finally to zero; the RC ranged from 0 to 86.32% at different sample points. RC and GC greatly affected the estimation of SOCS, so after correction based on RC and GC, the soil type method was adopted for estimation, concluding that SOCS at depths of 0-20 cm, 0-30 cm, and 0-100 cm was 341.82×10 6 kg, 449.29×10 6 kg, and 738.351×0 6 kg, respectively; RC and GC affected white sandy soil the most, as shown by the following SOCS estimated by the land utilization type method: 319.56×10 6 kg, 416.04×10 6 kg, and 607.02×10 6 kg, respectively, at depths of 0-20 cm, 0-30 cm, and 0-100 cm; RC and GC affected wasteland the most, as shown by the following SOCS estimated by the aspect method: 318.64×10 6 kg, 411.63×10 6 kg, and 628.46×10 6 kg, respectively, at depths of 0-20 cm, 0-30 cm, and 0-100 cm; RC and GC affected the SOCS in the south slope the most; in terms of catchment scale, the "vertical stratification + horizontal classification" pattern was expanded to the "land utilization type method" and "aspect method." For estimating the SOCS in topsoil, the aspect method achieved the best result, while the land utilization type method achieved the best result at a depth of 100 cm.
Introduction
Soil is the largest and most active carbon reservoir in the terrestrial ecosystem and is the focus of research into the global carbon cycle and climate change [1] . The function of soil as a carbon source/sink is irreplaceable for adjusting the global carbon balance and slowing the increase in greenhouse gas concentrations. Small changes to the soil carbon reservoir could lead to significant impacts on the global climate [2] . Thus, it is important to accurately estimate soil organic carbon storage. Scientifically and accurately estimating soil organic carbon storage is the focus of and challenge in current research into the carbon cycle [3] . Currently, there are numerous methods of estimating soil organic carbon storage at various scales and depths, the main methods being soil taxonomy methods, GIS estimation, and land use methods -all of which are based on data including soil profiles, world soil maps, and vegetation and land use maps [4] . The soil taxonomy method is based on soil properties and the organic carbon content in a unit area of each soil type according to soil profile data [5] . Then, according to the classification of aggregated soil layer profiles, one finally obtains a total soil organic carbon content based on the area's extent of each soil type. This method focuses on soil types and does not take into account differences among various regional ecosystem scales and the spatial variability of soil organic carbon [6] . In the land use method, one calculates soil organic carbon storage based on soil organic carbon density and the areal extent of each ecosystem type, which yields the total amount of soil organic carbon storage depending on patterns of vegetation, ecosystems, and subsurface factors. Karst areas, however, due to their special geologic setting and complex topography and geomorphology, are characterized by broken terrain, complex landscapes, and great soil heterogeneity [7] . Their soil types and land use patterns vary with the slope aspect, leading to a highly varied organic carbon distribution. Which method yields better estimates of soil organic carbon storage is arguable. Therefore, when estimating the extent of the soil carbon reservoir in karst areas, it is important to select a suitable method of accurately estimating the soil carbon storage and carbon density.
Because karst ecosystems are controlled by their special geological setting, their geomorphology and landscape, hydrothermal conditions, vegetation conditions, and soil formation conditions differ from those of non-karst areas and lead to different characteristics of the local soil carbon cycle [8] . To assess the carbon storage capacity of terrestrial soil ecosystems in China, it is important to understand soil carbon storage in karst areas [9] . Due to the special geological and climate conditions of karst areas, these areas are characterized by small environmental capacity, weak responses to disturbance, low stability, and low self-adjustment ability, and they thus recover slowly following a disturbance [10] . Additionally, the soil conditions in karst areas are characterized by extensive bedrock exposure, small soil stocks, discontinuous soil distributions, and complex and diverse micro-landscapes -all of which lead to numerous uncertainties in the estimation of soil organic carbon storage [11] . Due to the unique characteristics of karst areas, the methods used to estimate the organic carbon stock and organic carbon density in non-karst areas do not work well when applied to karst areas [12] . Currently, when estimating the organic carbon storage in karst areas, a few researchers have paid attention to indicators such as the extent of areas barren of soil and soil thickness, but they do not take into account the combined effects of the gravel content and extent of rock exposure in estimates of soil organic carbon storage [13] .
Assessing relevant indicators and obtaining a large number of samples for analysis play vital roles in developing reliable estimates [14] . Thus, the present study focused on the soils in high-elevation rocky parts of small drainage basins of the plateau karst areas [15] . Based on a systematic and comprehensive survey of soil profiles, we calibrated the rock bareness and gravel content of 2,755 soil profiles and applied the soil taxonomy, land use, and slope aspect methods to correct the formula for calculating the organic carbon density and stock and estimated the organic carbon density and stocks corresponding to various soil thicknesses. Based on the method of soil profile summation, we compared the suitabilities of the methods for estimating soil organic carbon stock in the karst area and thus provide scientific support for the research of accurate estimation of the soil organic carbon stocks of a small plateau karst watershed.
Materials and Methods

Study Region
The study region (105°40′43″-105°48′2″E, 26°12′29″-26°17′15″N) is located in Puding County in the central part of Guizhou Province in southwestern China, including the three towns of Chengguan (CG), Maguan (MG), and Baiyan (BY), and it covers an area of 72 km 2 . The elevation is between 1,223.4 and 1,567.4 m above sea level, and the air pressure is between 806.1 and 883.8 hpa. There are three major categories of soil: limestone, paddy, and yellow. They are all interwoven with each other, so soils in this watershed have high heterogeneity. The limestone soil areas suffering from severe stony desertification are scattered with rock exposure. The vegetation ( 
Soil Aampling
Sampling plots were designed with a grid-based sampling method and a total of 3,180 sampling grids (150×150 m). The sampling sites were defined as the center of each sampling grid (Fig. 1) . From March 2013 to January 2015, 2,755 soil profiles, consisting of 22,057 soil samples, were sampled in the designed sampling grids. A total of 425 designed sampling sites were located in places where sampling could not be carried out, such as in traffic throughways, on tractor roads, in residential housing, industrial parks, streams, and so on. Local information for each sampling point along with soil bulk density, soil thickness, rock coverage, and other indexes were measured at each point and recorded on the spot. The soil samples were air dried, ground, and prepared for the specimen as required by the laboratory; then the SOC content was tested and analyzed. The SOC was determined via the potassium dichromate method. The soil acreage was calculated using GIS technology and surveying in the field. The bulk density was measured layer by layer from the top to the bottom of the soil profile via a cutting-ring method. Soil thickness was recorded in accordance with the type of ecological niche with an iron stick that was 60 or 120 cm long, depending on the soil mass at different depths. The bare rock rate was surveyed with a line-transect method. Due to the complex landscape in a karst area, it would be more accurate but less operable if the line transect was too long. Therefore, the length of the line transect was set at 10 m, and the grid cells with rock coverage were surveyed via tape measure.
Calculations and Statistical Analysis
Soil bulk density (SBD) was determined on the spot (cylindrical core method). For each layer of all soil profiles, 181.58 cm 3 of soil was sampled with a cutting ring (r = 3.4 cm, h = 5 cm), and the fresh weight was obtained with a portable balance. Approximately 5 grams of soil from each layer were collected into an aluminum cup whose weight had been determined previously. 3 ml of alcohol (95%) was added and lit (repeated three times), and the weight was taken pre-and post-calcination. The SBD was calculated using the following equation: (1) …where SBD represents soil bulk density (g.cm -3 ), W cr is the weight of the cutting ring (g), W cr+s is the weight of the cutting ring with fresh soil (g), W cup is the weight of the aluminum cup (g), W pre and W post are the pre-and postcalcination weights of the aluminum cup with soil (g), and 181.58 is the volume of the cutting ring (cm 3 ).
Conventional Computation of SOC Storage and Formula Modification
Considering the variety of soil types in the karst area, the soil type method was adopted. Because of the large variability of indexes, such as the SOC content, bulk density and soil thickness, SOC density (SOCD) was calculated layer by layer. The soil profile was divided into 12 layers. The SOC density in each layer was computed based on its corresponding SOC content, bulk density, and thickness. In addition, the spatial eigenvalue of the SOCD of the Houzhai River watershed in Puding was estimated based on the SOCD in each soil layer. Next, the SOCD and soil acreage of each soil type were used to determine SOC storage layer by layer, which was then used to determine the total SOC storage in the study area [16] . Thus, the equations for SOC density and storage can be defined as follows: (2) …where SOC i,j is SOC density in the i layer of soil j (kg·m ), T i,j is the soil thickness in layer i of soil j (cm), 10 -2 is the conversion coefficient, SOCS is the total storage of SOC in the study area (t), S j is the soil acreage of the soil j (km 2 ), and 10 3 is the unit conversion factor. To minimize the difference between estimated and actual SOC storage, the error caused by rock coverage in the karst area was reduced by revising its bare rock rate. Equation (2) can be modified to generate Equation ( …where δ j is the boulder content in the sampling area of soil j (%), G j Tis the volume percentage of gravel that is larger than 2 mm of the soil j, and the other indexes are the same as those described for Equation (2) . After the second modification, Equation (3) can be used to estimate SOC storage (SOCS) in the karst area while considering the large variability of the related indexes being considered.
Data Analysis
First, with different levels of soil organic carbon density data values for quality control, the numerical calculations of the distribution with the 4-percentile method was used to determine the extreme limit and extreme limit values to calculate the maximum and minimum values, mean value, standard deviation, and coefficient of variation. Second, a spatial autocorrelation analysis was conducted using the semi-variance function variables, which must meet the normal distribution data of non-normal distribution; this will cause proportional effects on the variance function and reduce the estimation precision. If some characteristics of the potential performance were not obvious, then the normal distribution test was used; if the characteristics did not meet a normal distribution, the data were transformed.
Statistical analysis was performed using SPSS18.0 and Excel2007. Spatial information maps of soil thickness and rock exposure in the study region were used for ordinary kriging interpolation in ArcGIS 9.3 software.
Results and Analysis
Statistical Analysis of Soil-Related Factors
According to statistical analysis (Table 2) of SOC, SBD, and GC in the 2,755 soil profiles and 23,536 soil samples, the average SOC in the soil samples was 5.25-24.87 g.kg -1 , the range was 19.62 g.kg -1 , and the maximum was 4.73 times as large as the minimum. In terms of stratification, the average SOC content at a depth of 0-10 cm was 24.87 g.kg -1 , followed by a depth of 10-20 cm, which was 19.21 g.kg -1 , and with the soil depth increasing, the average SOC decreased gradually, reaching its minimum of 5.25 g.kg -1 at a depth of 90-100 cm. The SOC content varied greatly from layer to layer, and the variation coefficient changed in the range from 52.68 to 75.28%, showing a moderately strong variation during 10-100%; the average SBD was 1.17-1.41 g·cm -3 , the maximum value was 1.21 times as large as the minimum value, and -with soil depth increasing -the SBD first increased then tended to be stable, reaching its maximum of 1.41 g.kg -1 at a depth of 70-80 cm while reaching its minimum of 1.17 g.kg -1 at a depth of 0-10 cm. The SOC content varied greatly from layer to layer, the variation coefficient changed in the range from 15.94 to 39.72%, and showed a moderately weak variation during 10-50%; the average GC ranged from 0 to 20.15% and decreased gradually until zero with soil depth increasing, reaching its maximum of 20.15% at a depth of 0-10 cm while reaching its minimum of zero at depths of 80-90 and 90-100 cm. ).
With rock coverage being counted, the soil coverage is overrated. Therefore, the value of soil acreage should be revised by taking rate of rock acreage into consideration. The rate of rock coverage is very different in different soil genera. The mean rate of rock coverage in the Rendzina area is abut 43.34%, which is the highest; while it is 29.22%, the lowest, in large loam of tillage soil. There is little rock exposure in three major tillage areas (yellow clay, large mud field loam, and yellow clayey soil), so the rate of rock acreage in these areas is very low.
Soil Organic Carbon Density
SOCD in Different Types of Soil
As can be seen in Table 3 , there was a difference in SOCD in the 7 types of soil: conventional calculation suggested that the SOCD at a depth of 20 cm was 3.84-6.91 kg.m 
SOCD under Different Land Utilization Types
See Table 4 for the average SOCD under the main land utilization types in Houzhai Basin. Due to the difference in SOC content between different land utilization types, there was also a difference in SOCD. In terms of vertical distribution, the SOCD under 5 land utilization types appeared as 100 cm > 30 cm > 20 cm. In terms of horizontal distribution, due to the high SOC content and SBD in paddy field, the SOC in each layer of soil was higher than that in the corresponding soil layer in forestland, grassland, unused land, and dry land. The conventional calculation suggested that SOCD at a depth of 20 cm was 5. 
Difference in SOCD in Different Slope Aspects
See Table 5 for the SOCD in different slope aspects in the Houzhai Basin. Due to the difference in SOCC in different slope aspects, there was a difference in SOCD. In terms of vertical distribution, the SOCD in 5 slope aspects at different soil depths appeared as 100 cm > 30 cm > 20 cm. In terms of horizontal distribution, since there was high SOC and SBD in the soil without slope, the SOCD in all the layers of soil was higher than that in the corresponding layer in other types of soil. The conventional 
Comparison of SOC Storage by Different Estimation Methods
Soil Type Method
The soil type method was used to estimate the SOCS in Houzhai Basin ( Table 5 ). As can be seen in Table 6 to the estimation in the traditional mode, SOCS was 423.1×10 6 kg at a depth of 20 cm, while it was 341.82×10 6 kg in the optimization mode; at a depth of 100 cm, the SOCS was 883.56×10 6 kg in the traditional mode and 738.35×10 6 kg in the optimization mode, seeing a decrease of 16.43% before and after optimization. The soil depths in the order of decrease are: 100 cm > 30 cm > 20 cm. As RC and GC were optimized for SOC storage in Houzhai Basin by the soil type method, different rates of estimation errors were caused among different types of soil. The estimation error rate was less than 10% in the topsoil (0-20cm) of Cab Medium fertility Orthic Anthrosols and Fec Hydragric Anthrosols due to the insignificant effect of RC and GC, greater than 30% in Black Lithomorphic Isohumisols and Cab Udi Orthic Entisols, and not greater than 30% in all the remaining types of soil. Among the entire soil profiles (0-100 cm), the estimation error rate of Cab Udi Orthic Entisols was highest, equal to 22.00%, while that of Fec Hydragric Anthrosols was lowest, equal to 9.54%, except Cab Medium fertility Orthic Anthrosols, the estimation error rate of all other soil types decreased gradually with increasing soil depth, and RC showed a great effect on SOC storage in Houzhai Basin.
Land Utilization Type Method
The land utilization type method was used to estimate SOC storage in Houzhai Basin in both traditional and optimization modes (Table 7) . RC showed a certain effect on SOC storage in Houzhai Basin under different land utilization types. At a depth of 20 cm SOC storage was 431.28t by the conventional estimation, and 319.56×10 6 kg after optimization, with an estimation error rate of 25.90%; at a depth of 100 cm SOC storage was 828.14×10 6 kg by the conventional estimation, and 607.02×10 6 kg after optimization with an estimation error rate of 25.90%, 24.95%, and 26.70%, respectively, at different soil depths.
There was a difference in estimation error rate under different land utilization types: the estimation error rate was 10.86% in the topsoil (0-20 cm) of paddy field due to the insignificant effect of RC and GC, greater than 30% under the land utilization types wasteland and bush forest, while it was less than 30% under all other types. In terms of different soil depths, the estimation error rate Table 7 . Estimation and optimization of soil organic carbon storage by land use (10 6 kg). Fig. 2 . Spatial information of soil thickness and rock exposure in the study region.
decreased gradually with the soil depth increasing under various land utilization types, all appearing as wasteland > bush forest > forestland > dry land > paddy field. RC showed a great effect on SOCS in Houzhai Basin.
Slope Aspect Method
The slope aspect method was used to estimate the SOCS in Houzhai Basin in both traditional mode and optimization mode. See Table 8 for the results. As can be seen from Table 6 , RC showed some effect on SOCS under different slope aspects in Houzhai Basin. At a depth of 0-20 cm, 0-30 cm, and 0-100 cm, the SOCS was shown to be 379.18×10 6 kg and 476.26×10 6 kg and 715.32×10 6 kg, respectively by conventional estimation, and 318.64×10 6 kg, 411.63×10 6 kg, and 628.46×10 6 kg respectively after optimization. There was a difference in estimation error rate between different slope aspects, and the estimation error rate of SOCS in non-sloping topsoil (0-20 cm) due to the little effect of RC; the estimation error rate of SOCS in the east slope and south slope was greater than 30%, while that in the rest slopes was not greater than 20.00%.
In terms of different soil depths, the estimation error rate decreased gradually with the soil depth increasing in different slope aspects, all appearing as that south slope > east slope > west slope > non-slope. RC showed a great effect on the SOCS in different slope aspects.
Comparison of SOCS by Different Estimation Methods
For the same area, different estimation methods would produce different estimation results (Fig. 3) . The soil type method estimated the storage to be large, the land utilization type method was almost on par with the slope aspect method at a depth of 0-20 cm and 0-30 cm, the soil type method estimated the SOCS to be 738.35×10 6 kg at a depth of 100 cm, the land utilization type method was estimated to be 607.02×10 6 kg, and the slope aspect method was estimated at 628.46×10 6 kg. The SOCS was calculated layer by layer at each sampling point. The SOCD at various layers was calculated one by one in accordance with the SOCC, SBD, and soil thickness in the corresponding layers, and then the SOCS in all soil profiles were added together, ascertaining the gross SOCS at all soil depths in the study area. After that, soil depth, RC, and soil block area in each soil profile were investigated in detail when the regional SOCS was estimated by the soil profile SOCS summation method, which could reveal the real SOCS in the soil, so it was identified as an accurately estimated SOCS in the study area. In detail, the SOCS was 265.46×10 6 kg at a depth of 0-20 cm, 343.49×10 6 kg at a depth of 0-30 cm, and 539.17×10 6 kg at a depth of 0-100 cm. According to the comparison of the three estimation methods with the real SOCS, the slope aspect method achieved the best effect in the topsoil (0-20 cm, 0-30 cm), while the soil utilization type method achieved the best effect in the entire profile (0-100 cm). 
Discussion
Impacts of Using Different Methods to Estimate Soil Organic Carbon Storage
Scholars have performed numerous estimates of soil carbon storage. The main estimation methods include those based on soil taxonomy, modeling, carbon fitting, GIS estimation, vegetation types, ecosystem types and Holdridge life zones, climate parameters, correlation statistics, and statistical estimation [17] . These methods are used to estimate the organic carbon stock of large non-karst areas from various perspectives and based on various considerations [18] . However, to estimate soil organic carbon storage in small drainage basins in karst areas, it is necessary to consider the local scale and spatial heterogeneity [19] . Thus, the choice of an estimation method is critical. The spatial heterogeneity of karst areas is so different from the relative homogeneity of non-karst areas that the common estimation methods used in nonkarst areas cannot be applied directly to karst areas. Soil conditions in karst areas are characterized by extensive bedrock exposure, small soil stocks, discontinuous soil distributions, and complex and diverse micro-landscapes. When estimating the organic carbon storage in karst areas, scholars typically do not take into account the effects of gravel content and the extent of rock exposure on the soil organic carbon storage. Thus, to estimate the soil organic carbon storage in karst areas it is necessary to calibrate the extent of rock exposure and gravel content. Spatial variations in karst areas are both horizontal and vertical. Soluble carbonate bedrock forms a complex and diverse geomorphology and landscapes and spatially variable lithology, soil, and land use [20] . Therefore, this study compared the following methods of estimating organic carbon storage: soil taxonomy, land use, and slope aspect methods. Spatial heterogeneity in the Houzhai River basin is extremely high and is characterized by complex horizontal and vertical 2-D structures [21] . Horizontally, peaks, depressions, and bedrock exposure lead to a patchy soil cover and diverse soil types and land use types. Vertically, the soil thicknesses vary, which leads to significant differences between layers of a given soil type [22] . Thus, when applying soil taxonomy to estimate soil organic carbon storage in karst areas, one must consider the 2-D spatial heterogeneity of the soil. According to the soil classification, the Houzhai River basin contains three major types of lime soil, three of yellow soil, and three of paddy soil. According to the soil properties, the basin contains nine types that display great spatial variations in organic carbon content. Thus, the soil organic carbon storage can be estimated from the weighted average of soil property types. In other words, it can be estimated using the soil taxonomy method, and the soil types are identical to the soil layers.
According the mechanism of soil organic carbon fixation, the amount of external organic matter added to the soil directly impacts soil organic carbon fixation and storage. The external sources of organic matter are controlled by the soil cover, i.e., land use. The Houzhai River basin contains multiple land uses and can generally be divided into five types with great spatial variations in organic carbon content. Thus, the soil organic carbon storage can be estimated from the weighted average of land use. Due to great spatial heterogeneity, the estimates developed for the Houzhai River basin differ to some degree depending on whether they were developed using the vertical stratification + horizontal classification method, the land use method, or the slope aspect method. The slope method was used to estimate organic carbon storage in the surface soil, and the land use method yielded the best estimates at a depth of 100 cm.
Effects of Rock Exposure Extent and Gravel
Content on Soil Organic Carbon Storage
The plateau karst small drainage basins are underlain by limestone and dolomite. The bedrock is widely exposed, and the micro-habitats are diverse [23] . Large amounts of weathering residue accumulate in rock fissures and are intruded upon by plant roots [24] . Scattered patches of thin soil are developed on the bedrock. The average thickness of soil on the slopes is only 4-9 cm. Therefore, knowing the soil organic carbon storage in the various soils in the karst areas is the basis for assessing the regional soil carbon fixation [25] . The accuracy of the soil organic carbon storage estimation is related not only to the estimation method but also to the accuracy of indicators, including SOC content, soil bulk density, soil thickness, and the lateral extent of soil cover. When estimating karst carbon storage and density, one should consider the extent of rock exposure, soil thickness, and gravel content -all of which can greatly affect the estimation error. All these indicators are important factors in determining soil organic carbon storage [26] . Additionally, the areal extent of soil cover in the karst regions is a function of the extent of exposed rock, and the gravel content affects soil bulk density and soil thickness [27] . Thus, the surveyed soil covered area is larger than the actual area of soil cover. Because of the unique conditions in the karst areas, the methods used to estimate carbon storage and density in non-karst areas are not suitable, and it is necessary to calibrate the method to account for the percentage of rock exposure and gravel content to obtain accurate estimates.
The 2-D spatial heterogeneity in the karst areas leads to variability of indicators, including soil organic carbon content, gravel content, and rock exposure percentageall of which in turn control soil organic carbon storage [28] . We calibrated the soil organic carbon storage at various depths against the rock exposure percentage and gravel content. The calibrated error based on rock exposure percentage is 5-30% between soil depths of 0-20 cm and 9-30% between soil depths of 0 and 100 m, indicating that the rock exposure percentage and gravel content significantly impact soil organic carbon storage in the karst areas. Thus, when estimating soil organic carbon storage in the karst areas it is important to first consider the rock exposure percentage and gravel content. In addition, the estimation method based on the calibration of rock exposure and gravel content yields more-accurate results in the sampled areas than do the conventional estimation methods. The calibrated method is particularly well suited to estimating organic carbon storage in the surficial slope soil in high-elevation rocky karst regions, whereas the conventional estimation methods are not. According to the field survey, the average rock exposure percentage among various niche soil types in the sampled soil patches is 12.9-31.0%, and the soil distribution is patchy. In contrast, the conventional methods assume the presence of laterally continuous soils, leading to overestimation of the soil area and large errors. This finding suggests that the estimation of the organic carbon storage in the karst areas using conventional methods leads to large errors.
Conclusions
The average organic carbon content in the soil samples from the small karst drainage basins is 5.25-24.87 g.kg -1 . The soil organic carbon content is highest in the 0-10-cm soil interval (i.e., 24.87 g.kg -1 ), and decreases gradually with depth. The average soil bulk density is 1.17-1.41 g.cm -3 , and the maximum density is 1.21 times the minimum. With increasing depth, the soil bulk density increases and then stabilizes. The average gravel content is 0-20.15%. With increasing depth, the gravel content gradually decreases to 0: it is greatest in the 0-10-cm interval (i.e., 20.15%), and is least in the 80-90-and 90-100-cm intervals, where the gravel content is 0.
Based on the calibration of the areal rock exposure percentage and the gravel content, soil organic carbon storage was estimated using soil taxonomy, land use, and slope methods. Organic carbon storage is 318.64×10 6 -341.82×10
6 kg at 0-20 cm, 411.63×10 6-449.29×10 6 kg at 0-30 cm and 607.02×10 6 -738.35×10 6 kg at 0-100 cm. When using soil taxonomy to estimate the soil organic carbon storage in karst areas, one should consider the local lateral soil heterogeneity. The high spatial heterogeneity in small karst drainage basins is extended from the vertical stratification + horizontal classification to the land use and slope aspect methods. When estimating organic carbon storage in the surficial soil (0-20 cm or 0-30 cm), the slope aspect method yields the best estimate, whereas at depths of 1 m the land-use method yields the best estimate.
